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(57) Abstract: A projection optical system having good optical perfor- 
mance without being substantially affected by birefringence even though 
an optical material having an intrinsic birefringence is used. The pro- 
jection optical system forms the image on a first surface (R) on a second 
surface (W). Out of the transparent members constituting the projection 
optical system, 90% or more of the transparent members are made of 
crystals of cubic system. Out of all the transparent members, 70% or 
more of them satisfy the condition Pn/En<0.7 where Pn is the diameter 
of the light beam coming from a point on the first surface and falling 
on each surface of each crystal transparent member and En is the effec- 
tive diameter of each crystal transparent member, and the 70% or more 
of the transparent members are so arranged that the optical axis of each 
transparent member substantially agrees with the crystal axis [100]. 
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where D21 is the center thickness of the first negative lens L21 and 
D22 is the center thickness of the second negative lens L22. 

The inventions of claims 6, 7 are the ones of independent claims 
referring to claim 5. 

5. The invention of claim 8 relates to a projection optical system 
comprising transparent members and at least one reflecting mirror and 
adapted to form the image on a first surface on a second surface, 
characterized in that 90% or more of all the transparent members 
constituting the projection optical system are made of crystals of cubic 
system, the projection optical system further comprises a first lens 
group arranged in the optical path between the first and second surfaces, 
a first reflecting surface disposed in the optical path between the first 
lens group and the second surface, a second lens group disposed in the 
optical path between the first reflecting surface and the second surface 
and having and a concave reflecting mirror and a round-trip optical 
system, a second reflecting surface disposed in the optical path between 
the second lens group and the second surface, a third lens group disposed 
in the optical path between the second reflecting surface and the second 
surface, and the first lens group has two transparent members in which 
the preset directions of specific crystal axes are substantially 
different. 

The invention of claim 9 relates to a projection optical system 
comprising transparent members and at least one reflecting mirror and 
adapted to form the image on a first surface on a second surface, 
characterized in that 90% or more of all the transparent members 
constituting the projection optical system are made of crystals of cubic 
system, the projection optical system further comprises a first lens 
group arranged in the optical path between the first and second surfaces, 
a first reflecting surface disposed in the optical path between the first 
lens group and the second surface, a second lens group disposed in the 
optical path between the first reflecting surface and the second surface 
and having a concave reflecting mirror and a round-trip optical system, 
a second reflecting surface disposed in the optical path between the 
second lens group and the second surface, a third lens group disposed 
in the optical path between the second reflecting surface and the second 
surface along the linear optical axis, 

a first-order intermediate image of the first surface is formed in 
the optical path between the second and third lens groups, and the first 
lens group has at least two transparent members made of the crystals. 

Claims 10-12 are independent ones referring to any of claim 8 or 9. 

Claims 13-15 are independent ones referring to any of claims 1-12. 

However, the technique of fabricating 90% or more of all the 
transparent members constituting a projection optical system from 
crystals of cubic system is publicly known without especially citing 
prior art documents, and there are no technical features considered to 
be special technical features common to the groups 1., 2., 3., and (4 
and 5) . 

The projection optical system comprising transparent members and at 
least one reflecting mirror and adapted to form the image on a first 
surface on a second surface, characterized in that 90% or more of all 
the transparent members constituting the projection optical system are 
made of crystals of cubic system, the projection optical system further 
comprises a first lens group arranged in the optical path between the 
first and second surfaces, a first reflecting surface disposed in the 
(continued to extra sheet) 
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optical path between the first lens group and the second surface, a second 
lens group disposed in the optical path between the first reflecting 
surface and the second surface and having and a concave reflecting mirror 
and a round-trip optical system, a second reflecting surface disposed 
in the optical path between the second lens group and the second surface, 
a third lens group disposed in the optical path between the second 
reflecting surface and the second surface is a conventionally known 
technique as disclosed in JP 2000-47114 A (Carl Zeiss Stiftung) , 
2000.02.18. Therefore, there are no common technical features 
considered to be special technical features among the groups 4. and 5. 

Therefore, there are no common technical features among the groups 
of inventions within the meaning of PCT Rule 13.2, second sentence. 
Consequently, the groups of inventions are not so linked as to form a 
single general inventive concept. 

Therefore, the groups of inventions do not comply with the requirement 
of unity of invention. 
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A projection optical system having good optical performance without being 
substantially affected by birefringence even though an optical material having an 
intrinsic birefringence is used. The projection optical system forms the image on 
a first surface R on a second surface W. Out of the transparent members 
constituting the projection optical system, 90% or more of the transparent 
members are made of crystals of cubic system. Out of all the transparent 
members, 70% or more of them satisfy the condition Pn/En<0.7 where Pn is the 
diameter of the light beam coming from a point on the first surface and falling on 
each surface of each crystal transparent member and En is the effective 
diameter of each crystal transparent member, and the 70% or more of the 
transparent members are so arranged that the optical axis of each transparent 
member substantially agrees with the crystal axis [100]. 
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(57) Abstract: A projection optical system having good optical perfor- 
mance without being substantially affected by birefringence even though 
an optical material having an intrinsic birefringence is used. The pro- 
jection optical system forms the image on a first surface (R) on a second 
surface (W). Out of the transparent members constituting the projection 
optical system, 90% or more of the transparent members are made of 
crystals of cubic system. Out of all the transparent members, 70% or 
more of them satisfy the condition Pn/En<0.7 where Pn is the diameter 
of the light beam coming from a point on the first surface and falling 
on each surface of each crystal transparent member and En is the effec- 
tive diameter of each crystal transparent member, and the 70% or more 
of the transparent members are so arranged that the optical axis of each 
transparent member substantially agrees with the crystal axis [100]. 
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£tc. MM [10 0]. [0 10], [0 0 1] fcttffcTaiMttt, IttfcW 

±zftmftm*&?&&mffi<Dte^&&tt<s.z>o £e>^ j&jutt [no], [i 
on, [oil] Mjjft(Dmmzttt%mffim*ik®i$}'bt< 
<%ii^(Dm%\z^^m^^)^wm±^^mmmM.tn^ 0 z<d&?\z, 

m*<D&ftl>'>XT*\t. 5. 2 6S (8S.if.lft [111] t&Hltfl [1 

io] £(ou?%m) ommz&^T, mmffi<D&w*m±\z£vz>z.ttft>fr 

m2cm&Pmtz>t. -*h£>&5i/>X£6 omtz\mttmz®mz 
i*%z.£\z&k>, -tt<D%Gu>x£wr*fo, mmmm^x&^mm [i 1 
o], [ioi], toil] ©wiftbnsut^^s. tbx. ytmfrz 
35. 2 6&<Dmmz&^T, '<m$)(Dmft\z*iTz>mffim&r) hn^<Dm% 
\ztttzmffimm^^mmffimmmz>z\t\zts:z>o mn?n&, Burnett 
<D^m%m*z>z\t\z&r)^ ytmzmbTm&ttmtzftmmztf, mmmo^ 

(D^tmt^m [ioo] (£rz\m&§km tiooi tyt¥&)\z$fmts. 
ttKMzmfcZiiZo z\cr\ m§km [ioo] t^c^ft^^iittt 

^Hfft [0 10], [0 0 1] T££. 

m, ~tt<Dm&u>X£mz&tfz>&Effim(Dftm*. %3cm\z*-?&?\ztz 

Sg3 AI21&<fc(>lg3B|g£#art5<i:, #fgBJ<z)3M£T*te, ft$lll<*:-g[ UT^ 
-S^lft [10 0] i:»5i«(t It^^^TiB^f^SrW-r^^aJfftDnc 
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WRtttfc*. iSSHflii [ill], [l-ll], [-11-1], [11- 

fe&Wl [10 1], [10-1], [110], [1-10] KttJSTS^ 

45m osiitti [ioo] tB&m [ioi] t<Dt£-r%m) ommz^x, 

m3cm*mm-rz>t, -tt<D%&is>x&4 5mrz\mttmz.®mt< 

i], [i o-i], [i i o], [i-io] (D&wtffrteQm&zn, xmfrt>4 
5m<Dmmz&^T&jjfo0mmztt-?zmvTm& o h^^mytiz^-r^m 

*$>bti,T®4 smmmMmzm^^^t^ -jj<Dm&u>x&£xtm 

[oio], [ooi], [oil] %rci$ [oi-i]) m±<Dytm&* 
.b£LtzttftW£%mi>m4 5m*v&z>z\£*M*?z> 0 mfcmzte. tztxit 
-jj(D&i5u>x\z&vz>i&&m to i o] t. mjj(DmGu>x\z&tf%!&£k 
m [oio] £<Dftmz*>btisrzmttW£&£tfm4 smx&zztzM*-? 

So 

*g3 A0fccktfsii3 BrnfrZhmzfrtamv , [ioo] 
rmnzo ud^x, *&w<D^mz&^T, yt$hZ ( p>t>ti>T®4 s&tctf 

fttt&)\Z\El&2'£Z£^oZ\£\ l t, yt®lZ*>btbTm4 5M+ (nX90S) 

fztfmttmz\E\n2-£%z\£. rtit>-*>4 sm. 135s. 225s, *fc«3 
ism- • • tdtfttmmz®&2'&zz.££mcmi*T&z> (z\zr. n\m& 
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T&5) 0 

-15. Burnett fc©3M£fc*5l>T, -1j<Dik^BV>X£W5<DimV>X£^ 

w^©m5u>x^43^^^ifti«^^*i^^i^^6n§m^o^^$s (ft 
[-ill], [li-i]. £tz\* [i-ii]) m±<Dytm*$'b 

iwikftu>x\z&nz>m&®i [-111] t. mxom&uyxiz&ttzmB* 
mi [-i i i] £<Dytmz*<t>tLt£ftttw<f.%mtfi®6 om-c$>z>z\£*M* 

w.2 m&&TSw,2Bmfrt>hwt>frts.mr> . jsnwi [i 1 1] *ytm 

%\-vmn%>o Lfc^oT, Burnett &0¥&fcfc^T, ^Tift 6 0 

mtz\mftto\Z®1fc2MZ>£^vZ£\Z. yt®**fo£LT®6 om+ (nxi 

2 os) rz\mttmz®ifc2 nz>z.£, -rtzt>% 6 o m. isog, ££«3o 
os- • • rzvmttmz®m2#z>z\££mcmi&x&z (z\z\x\ nttS£»-e 

±m<Dm.w<DmQ , — u >x<z>3twi ^ [i i i] £ 
cko, »svitt-*f©m5i^>xo3t«ii:*gSitt [ioo] ts-as-fr, 

d^T, -tt<D1kftU>X<D9tm£fe£km [111] t$-l$tT6 OSffi 
i [100] <h^-Sc$-&T4 5Sffi^lllfe$^i#fC^-rSlHllg^^ 

*ittifiifi]#T*s. tftm-rn«, ftft&fftAN [111] t^-^tT6 0 
SffittEUgSttfe-atOSHl'^X (£TF, r^^ffi [ill] <D^7U>Xj 
fc^S) Kfctt<5ii*lflll£, ^Sfft [10 0] <h£-^£i*T4 5M*t[hH££ 
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vtc-ttomGuyx (ur. tm&m [ioo] o^tu>xj t^o) \z& 

Ifd^T, $§H$ft [111] (D^l^X^JBSttl [10 0] ®^7U>X 
t *m&Gt>#Z> z. t iz <fc 0 , »#1-*ENE»ttfc##*'b*S <i^.5u^ 

^JBSrOWS-CtS^j-iSW-rsictt, &Ml [111] <D^7U>XtM 
ttl [10 0] ©^7U>Xtm^t)tTffl^5Ci:^it*S. 

ifiotc^, yt^tm^m tioo] £#-8rrs:fcp£u>x&siii-rs 
££#eht&<3. Lfc^t, %M&i&Att [ioo] i&-as-&s«i^tt, 
/hpgi/>Xfc:»LTSffl-r'5c:t*^5T?*s. mw-rn«, &&%**om 
®wmtLtc\mw (mmmm&&tf*mmm) (Dftmizmwztitzit&mn 
'&<Dfr2^u>xm\zyt®£$£M l m [ioo] tz-m.2i*:z>Mf8,&umv, m 
m®ftmzmwisniz)t®ton&0*t\ f *u>xmzfttotifc&m [in] £ 

£ j^his [iii] ©^ru->X45J:rjf|gatt [ioo] <d^7 vyx 

imfcttmztabte^o mz, ftuM [i 1 1] £>^7^>X£&ffl-f5*§£, 
cnjcwu jg^fft [ioo] <D^7u>x^mm-r^m^s n&mm&*tt*fr 
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DTttAN [1 1 1] ®^7I/>XSfi[fflnt, »41-*flf*«*»K:eHb 
T&®i*i (B3fcgBTttS#x«J7ft) T©8*ttl&0tf&o*)&«**<fcS. 
tt^SS^ttMOiS^lc^V^TlSAM [10 0] <D*7U>X*Qzm? 

®&em\t&£~rztf* %&?z®&ef&Mzmmvx&mtox<Dmm 
ntf, £a«i Clin <Di7u>x%mm\sThm&m tioo] 0^7 w> 

Zo ^bT, miftWXte. #£>&fri£ (1) SAItffi£«fctffltffliS©;R:£fc* 
Pn/En<0. 7 (1) 

-ciT, EnH tSA3iiffi#C!>$&ift& Cr*to"&«^»«©»^K:ttai^ 

x u r±m* *> wtytxtfim AS5iSPM©#ffi haw b & <t # ©3tsctcn»-r * 
R©a&) -e&s. pnn mwm mim ±.<oi 

ASaas*r©#iBtcAlt-rst€r©5t*©i&g (£AT, rgj^gj t& 
3. LfctfoT, (1) £Aft®43<fcrWffl®©K#fc*V>TttJei-**S 

cpbx, SgifgBJT«> «#i5*fcttflkiii©ifi«K:E«$nT^SISAaifi 

&A& tioo] t&s«-a$-&Tv»s^tK:»s. bfcd^ox, mimmx 

SSHfiil [10 0] ££-&£-frS#tfi!c£$/flbT^50T, *n£U>XKitffl 
T*i:£j&«ffi»fcllSAttl [100] 0^71/>X<D£aiI#£lK:ft£„ « 
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#is*fctt»iB©ifi^ic*^Tiea«i [ioo] <Di7u>x&&mirzztifi 
tfsot, mmvft&5\zm&o j&ftttftQi'rzft. &*kT2>m&oj&ft\zm 

fctt, (1) ©±ISttS0. 6lC^-T5Ci:dWSbVio 

am [i 1 1] ttfm$-m?z>&5\zmu2nT^2>. 

Pn/En>0. 9 (2) 

Ltztf-DX. (2) SA»iB*«kWaiB©5R^K:*V5T«Ji-r*ISA 

ii^tit tt«^^©itiii©ifi^tci2«*nT^*jeASiaaJtJiw^ sft 
(6o%j^±) <om^m.T^nmz^x, ^oytmtifc&m n 

1 1] tZmt-QZlZT^ZZ. t\Zfc2>. bfc^T, ^2^H^T«, IffiS© 
ifi^fcEe$nfcJt«WPS©^^U>X»t3tMt»AM [1 1 13 
i$t5MOTtt^?)OT\ WTttJt«WPg©/jNS^>Xl¥fcftM 
£*SAM [10 0] <h£-ifc£it3®/&£$fflt-£;:<hC&0, M*tLT*P 

au>xicjiffl"r*^i:««HJi»isaM cioo] <D*7u>x<Dmmifima\z 

AM [1 1 1] 0^7l/>X*fffltSOT, ffii£Ufc«fc5K:*»0«#tt»£ 

m±t^^e^\zmmbxmm^x<DB^mo\fibo^f)^< 

teZ>z. titter o 

mz&^yt¥ttn*:m^x^2>iz<bfrfrt>t>'f* &®m<D&mzmnmz$ivz 
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j£ (2) ©TISft&O. 9 4K»jrr*;ifcjWff3:L^. 

3tN£ISAtt [10 0] £*<fc«-»tSJ:5K:Efi£*L &o2 5 Omm£rF 

^agftggTte, ^»©«5l/>X*ffl^Taj»^*S:««t-* Cities 
©T, ftS©*JB»f©*«*T**«^ffi«-r«K:«, 1 &£fcttttfttt©lftA 
Ml [100] ©^7l/>X£/^5££7W^-r&3. £fc> fffc&l/fc«fc"5K:, 

issui* [ioo] ©^7u>x*^pffiw>xtaiffl'rs^tttssifi±©«^ 

»3 589mk ^#©2 OX£Jl±©*ia»©«SMja«*rfc»LT, L^&2 
5 Omm£JlT©W^tta*Wr*Jt««/hPS©ttll*iaiK*tK:»tT, ttAtii 
[100] ©^7k>X£jiffl-f 3::£^T#3©T% &£*.fc£SI:E©J:"3fcB 

M&znr£mifku>XL2 it. m&rMtfc l t£titt%2fku>XL2 2t*G 

y/i-;Uft©Jj&IE) tSBWt Lfc-»©^l/>X**OfliBKIttt©ifil&fciSfi$ 

ym<D%m %ftmt\mwi±z < . $ s n - ©-** © n i' >xa«a«3t# 
^*«fijc"r-6/t©» d©-^©ftu>x»cj:*ttja»f©«»tt**<fe'5a^. 

^©<h#> ttS*ff©»»*T$*^j-iK«-r*»Ctt, jglftU>XL2 1t»2 
il/>XL2 2tt, &AM [10 0] ©*7U>XSfctt*Ba«l [111] © 

^7 u >x*mtfrt% it^sT*s. 
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6U0«j&J:D, %4%WT?te* »lftl/>XL2 1*<ki;*2ftl/>XL2 
2##£>&#5£ (3) $iSt5. ftfc, &#5£ (3) KfcHT, D2 1ttgl 
&U>XL2 1©4»&WT*0> D2 2tt&2Hl/>XL2 2 

1. 2<D2 1/D2 2<2. 0 (3) 

2^©i/>XTea«i [ioo] (D^7^>x^ft\t&M [i i 

W>XL2 l$:ii3g-r^^O^fft^^TS^lScfc0 ! b^2^U>XL2 2 £il 
^T^^©^$*^*f'rs^^W^^:^<^^© , r, ff£2£Ix>XL 2 2 0* 
2ct«9 i b^l^l/>XL2 1©4 I 'C?J?D2 l«^<^t§:t 

C^tt, ^4 58^7?tt, mi&\s>XL2 1©+4>JSD2 ltJ|2^W>X 
L2 2(D4 3 ^)?D2 2i©Wffi*«£UTtr>*&#5£ (3) feiUtE** JL £fc«fc 

t<5. 3ft*, ®458^©^*S$^tAfi : fc»#-r5JCtt» &ffo£ (3) 0±K 
fcWfcjjsTEtt?**. fcfc, &4mz&teTs ^X/\W<Dftig|#f6]lCZ$&£, z 

x%4m<Dm.mizmmzx$to*wi'feVT^Zo *nm&f&r\z. fc#mffiM<D® 
£4Bi£#s&T3£, *^jfi»*o»^«ett. sgi@£gaesn£i/^;u 

tXMl 5 7nm©iS^«t5F 2 I/— tf-«rWT*^aS> £<M»£ 

<Dyt\z£vm%.mWi mmvts lit. vamvtuz) <D-£ytm*Mtfc. 
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<, *HJ6^T«^-CA 0 -vtTV^o l/^JI/Rttl/5 : i'Mf-y5 3 

5<£5£#XAXx-^6 I±{:il$nt*i9, "7IAW*J;^I/\Xf- 
aY^fifcttoTffittWK&ttStf^O, l^^URfciMT SCttCckO, V 

ROX^(fi)0S$«LX (Ew) TfcO. -£0Y#(6]<Z)^£W:LYT&<5. 
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*wrs««JK©iisw<s* (t^i3^w«) ^^^nxv^^ttc^t 
mmtfi-rzt^Tvmmmi mmyt&mt: u>x&m \z\m^ (caF 

15 7. 6nmT&0, 15 7. 6 nmtti£K:£V>TC a F 2 ©B#rJptt, +1 
pmOifcMflSfcfcO - 2 . 6 X 1 O-^fiJ-^T^bb, - 1 pmO&g^te 
&/<:0 + 2. 6 X 1 0- 6 <DfiJ£T^fc1-3o fc^rsfc, 15 7. 6nm#ifi 
£fc^T, CaF 2 0JH#r#©#» (dn/d A) », 2. 6xlO- 6 /pmT 

J@#f¥ttl. 5 5 9 3 0 6 6 157. 6 nm+ 1 pm= 1 5 7 . 60 

lnmW5CaF a (0M$f41. 55930406T&D, 157. 6n 
m-lpm= 1 5 7. 5 9 9 nml:^CaF 2 0lUf$(il. 5 5 9 3 0 9 

2 6m 

z= (yVr) / C1+ {1- (1 + k) • y 2 /r 2 } 1/2 3 
+ C 4 -y 4 + C 6 -y 6 + C 8 -y 8 + C 10 -y 10 
+ C 12 • y 12 + C 14 • y 14 (a) 
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m i xnm 

lU>Xm Gli, wmfc%mCMt2^><D&U>XL 2 l, L2 2<!:^£$ 

m ^m-tt&^immt^ik {w,2v>xm G2t, %2*mmfr*> 
(Dft\zm^Tm2mzmmznrzyjL/\w±\zu?z)Vrt*-><Dmm& (u 

xm) G3tfrt>ffif&tsnT^z>o 

^C*3, W, 1 *S&ft^G 1 1% 2 fcmt^%G 2 iO^^SS+tC^ViT^ 1 

2 (cipj^oxMfSj'r %tz.#><D% 1 ft&tif 0 ffitf^FM 1 ^gae^nxv^. 
% 2 ^mt^G 2tm3 mst^&g 3 tomvyt&^iz&^Tm 2 *r*m<D 

Mf&tiLmoftmzte, W, 2 G2frt><D%*W,Z G 3 \Z |pjri> 

oT0[S]TSfcJ6(7)^2^^Offitf^FM2^SBg$nT^S. fill *P B m*5 

2 *p H m&> m i Ttsstff i omm¥Mit'%2 g 2 <t <Dmv>% 
& * & j; xs% 2 %amyt¥% g 2 1 m 2 v & \m f m 2 1 <d m v>% & * k * 

^1^7t^Gl*5cb^m3^^#mG3«<i:fe»C, it&tfKJgtf 

mift3t^G 3 zmfc-rz-r^xouyxb. stoax 1 ±k*5^t*¥® 
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2«g*fM£ttlAX 1 tB.#?Z>£5\ZWim$nT^2>o mift&#r9ffi 
tfg£F M 1 &&Um 2 fti£#T 0 ft M 2 ft t h Wffitf^JEtt® 1 £tt 
®££tfJg2£fttB) 2^<^Slt®S:W-r^lO©^^ (1^ 

SStfTflfttf^FM) tLT-fttfHCJSfl&SnT^S. £<Z)2 0CD£t>ra<Z)£«l 

G 3 ©TtWlAX 1 &«fctffg 2 *gffeft¥&G 2 ©ftlfiAX 2 <h-£T-$fc>5cfc "5 tC 

*G2©G3ffiSlt«CM*5<fc^U>XL 2 1, L 2 2 fc«k OttfltUTH*. * 
fc, *2IS^**G2^eS*«©ISft»**W , r*«l<«tcJ:D, SdltB^ 

^l^^Glit l/^JH»5J®{C> ifll/>XLllt. 
m\Z#®mftOW&*fattfcM*-*tlZ\'>XL 1 2<h. I/^JHMKIMS: 
|RlitfciE^^X*Xl/>XL 1 3t> VX/\M\Z#®mW;<DWm%fottfz}E*- 
*#XU>XL 1 At. U?-?)VM\ZWm*\iQttrcfk*-7>*7>U>XL 1 5t, 

*HM) frSJBfc, l^5 L ^;K8i|^^W^©IH]®^[S]^c^^xx^7 > ^>XL2 
jS^fSjJj"fc(HI®SI*^CM<i:^e>filfie$nT^S. 

s^k, m3i^^#^G3tt, ^©iifT^^tc^oTix^^^tJ^^ii^, 

m&U>XL 3 1 <h, l/5 L ^;U#J»ca®^f6j^fciE^X7.^Xlx>XL 3 2 «h, 

i/^^jwM^iaffi*i6]ttfciE/-^*^u>XL3 3<t> \s?>? )vm\z#nm& 
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XL3 6t, mol&QASt, M&U>XL3 7 t, 9 JVmiZBft&foWt 
ZU>XL 3 8t, VTtr )\,W\z¥-W*$\ntz.¥-{hV>X 1 L 3§t, 

mau>XL siot, $xj\m\zimmft<Dwm*:fawtzjE*-z%zi'>x 

L3 1 It. frMlZ&m* fatttzjE*~ZtiZU> XL 3 1 2t. OX/\ 

M\Z¥m&fatt1t¥&U>XL 3 1 3tfrt>®J&1snT^Z>o 

^mn. mi&mm\zfrfr%&u%¥*ovk%<Dm*miz>o mm© 

NA\tmm (^XAtJ) mn&%, B[^IAW±t©^^-yD-^JH 
F A(iiM^ER©WLI$. LX (Ew) \tWtm%m.^L 

ER<Dxijfa\z%totzTirm (mmo^m ly^^^is^eroy^iS] 

fgl^0^mtf&7cK*5^T, ®#*f«$J#® (111®) 

#;M|iJ^£>©®tf>fllg#£> r &&®£>ffi^¥& (#$®cDi§£Kte]M,&ffi^¥ 
Vk : mm) d (2&®<£i&±F^T&fc>*>®Fi3RI (mm) (C • D) 

ik^u>x\z^x^(Dyt^t~^-r^>B^c^^u : t(Dm(DW^.m^m<Dn 

gftfiD£. En«m5l/>X©^®OW^a^ (mm) 5:, P n\tfflft% (T 
^t»^^ffi±©l^^^ffife^^®f3AW-r^><i:#(0^a)itg : mm) 

®F«3l?ld<Dft^fte, fglftSStfrOffitf^FM l(D£M^£[H]®£t^CM2:T- 
£>fti&4'&<J: tfH 2 #&#T Offitf^F M 2 <D£fcf®fr ^IffiSTO^^Tttl 

?z )i>m\zfafr?T{hffi<D&m¥m&iEtL, wm<D&m¥'&*&tbT^z>o 
-■n. %3mmt^%Q3x\t, )i>m\zfafroTww<D&m*'&ziEti,, 
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ttzs ftflEfiUDtt, MttCtfttRM [111] Tfe^tfr, 
M [-1 1 1] oaW#ttlc#T*ftfltt?*D. MttCtfgM [10 0] T* 
fctAtfttfittl [0 10] ©»P#fflK*fT*a**C**. EilT. 

fitt«PHtt+ y^ipjts o , m 2 isft^^G 2 \z#vz&m*mt+ z 

ft**G3fc*tt*»P2rtttt-Y;&GJ (i^#;wffif;:43#£ + Y#flKftW) 
Lfc^T, (C«D) = (100-0) ft tttt&lftAWl [1 0 

o] u>x\z&\,*x* *©*sani to i o] AmmzmzB-D 

TEBSftTV>*iI£***-r<5. (C • D) = ( 1 0 0 • 4 5) tt, % 

mtfe&m [ioo] t^-i:i-5S5i/>xi;fe^t, *©isam [oio] 
f)mm^mzMbx4 5&%wr&5\zmw2nT^zz.£*mi*tZo ?ut> 

"5, (C • D) = (10 0-0) <DWBV>Xh (C • D) = (1 0 0 - 4 5) 

om^u>xt\t, [ioo] <Dv>x^7*mj&hT^z>z£\zt£z> 0 
ttc. fctTitt (c-d) = (lii-o) a, ytwtmn,® [iii] tafi 
-a-r*m5u>x»c*^T, ^e^^Aifli t-i 1 1] ^sm^fitcmoTges 
$nx^-5e:t*jti*-rs. (c-d) = (in • 60) it ytn&tte 
i*[in] ttf-&t%m&u>x\z&^T. ^om&m [-iii] &m 

(C • D) = (1 1 1 • 0) <Dm^6U>Xt (C-D) = (11 1 • 60) ©fi 

ei/>Xfctt, ^n$fc [iii] ouyx^rzffii&VT^zctiztiiZo 

±m<onm&:mB<Dmm\z^x. mmijiiL<Dm^t-r^x(ou>x\z 
msT&mT$>z&mttz<> ittM*&i'>x*7<D*tiL'vPim'V3s>ni*&\ f *. 
w^tt^-rsftfiEw-woj^i^s^iBftwitt* issum [ioo] 



Patent provided by Sughrue Mion, PLLC - http://www.sughrue.corn 



WO 03/036361 PCT/JP02/10454 

-23- 

<Du>x^7<Dm&\zmM [oio] \zmfe2tizztu<, [ 1 1 
i] <Du>xu<Dm&izfegkm [-111] \zmi£znz>ztte<, tct^t 

A = 1 5 7 . 6 nm 
/3 =- 0. 2 5 
NA=0. 8 4 5 
B = 1 3. 7mm 
A= 3mm 

LX (Ew) = 2 2 mm 
L Y = 5 mm 



r d 







172.1769 


1 


400.0235 


41.8662 


2 


-347. 1859 


1.0000 


3* 


-600.0000 


18.0000 


4 


-750.0000 


1.0000 


5 


-3025.0000 


32.5027 


6 


-234.6874 


85. 1493 


7 


113.4563 


30.0000 


8* 


149.1516 


96.6080 


9 


-73.6173 


20.0000 


10 


-989.6932 


10.7493 


11 


-160.7004 


35.0000 


12 


-95. 3602 


50.7412 



(C • 


D) 


En 


Pn 








109.6 


0.0 




(100 


•0) 


188.9 


75.2 


(L 1 1) 






190.5 


82.8 




(100 


•0) 


190. 1 


83.1 


(L 1 2) 






193.2 


86.4 




(100 


• 45) 


193.5 


86.8 


(L 1 3) 






194.3 


91.0 




(111 


•0) 


136.7 


91.9 


(L 1 4) 






122.9 


84.1 




(111 


• 60) 


85.3 


65.6 


(L 1 5) 






110.6 


71.4 




(111 


•0) 


113.2 


73.5 


(L 1 6) 






132.9 


84. 1 
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13 


-424.3704 


37.0769 


14 


-146. 7977 


1.0000 


15 


776. 8772 


34.7330 


16 


-288.5244 


35.5981 


17 


247.7452 


23. 2315 


18* 


1266.8867 


86.0000 


19 


OO 


-344.3312 


20* 


160.0000 


-28.0000 


21 


1039.6240 


-41.9146 


22 


170.0000 


-22.0000 


23 


320. 1540 


-23.0904 


24 


214.3847 


23.0904 


25 


320.1540 


22.0000 


26 


170.0000 


41.9146 


27 


1039.6240 


28. 0000 


28* 


160.0000 


344.3312 


29 


OO 


-107.9714 


30 


-35622.5326 


-27. 1721 


31 


255.2732 


-1. 0000 


32 


-235. 1006 


-29. 1962 


33 


-3051.6986 


-48.5453 


34 


-199.4066 


-40. 0000 


35 


-459.7296 


-27.0927 


36* 


287.3970 


-18.0000 


9.7 
0 ( 




1 Q >f OQC 1 

1 54. ZoDl 


38* 


800.0000 


-25. 0000 


39 


281.6929 


-42.3986 


40 


-245.7289 


-29.9440 
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(100 • 


0) 


179.4 


85.5 


(L 1 7) 






187. 1 


88.3 




(100 • 


45) 


189.7 


86.3 


(L 1 8) 






189. 1 


80.8 




(100 • 


0) 


157.1 


62.4 


(L 1 9) 






149.9 


54.1 












(FM1) 


CI 1 1 • 


60) 


181.8 


181.2 


(L 2 1) 






220.8 


220.6 




(111 • 


0) 


226.6 


226.3 


(L 2 2) 






279.2 


274.3 








283.0 


278.6 


(CM) 


(111 • 


0) 


280.0 


274.3 


(L 2 2) 






233.4 


226.3 




(111 • 


60) 


231.4 


220.6 


(L 2 1) 






194.5 


181.3 












(FM2) 


(100 • 


0) 


161.3 


66.0 


(L 3 1) 






167.2 


74.9 




(100 • 


45) 


177.9 


77.7 


(L 3 2) 






176.7 


81.1 




(100 • 


45) 


169.4 


92.7 


(L3 3) 






158.2 


91.4 




(100 • 


0) 


154. 1 


92.6 


(L 3 4) 






151.4 


96.7 




(111 • 


0) 


203 3 


185 7 


(L 3 5) 






209.0 


193.2 




(111 • 


0) 


224.5 


223.7 


(L 3 6) 
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41* 


-751.7736 


-25. 0557 






221.8 


221.7 




42 


oo 


-5.0000 






222. 1 


221.8 


(AS) 


43 


-377.9882 


-44. 5303 


(111 • 


0) 


227.8 


221.9 


(L 3 7) 


44 


465.0394 


-24.9317 






226.2 


218.8 




45 


190. 2750 


-25.0000 


(111 • 


60) 


225.2 


215.9 


(L 3 8) 


46 


290. 8465 


-1.0000 






234.0 


220.9 




47 


oo 


-26.0925 


(111 • 


60) 


231.0 


215. 1 


(L 3 9) 


48 


511.4816 


-1.0000 






230.0 


212.7 




49 


-359.2933 


-31.7546 


(100 • 


0) 


217.8 


199.2 


(L 3 1 0) 


50 


3025.0000 


-1.0000 






211.6 


190.5 




51 


-159.8173 


-35.0702 


(100 • 


45) 


184.8 


166.3 


(L 3 1 1) 


52* 


-692.0711 


-1.0000 






171.5 


148.8 




53 


-144.3846 


-32.5926 


(100 • 


45) 


150.3 


130.9 


(L 3 1 2) 


54 


-556. 7937 


-3.9828 






129.6 


104.8 




55 


-864. 1658 


-30. 0000 


(100 • 


0) 


123.3 


97.0 


(L 3 1 3) 


56 


00 


-19.0000 






87.4 


60.0 






(£X/\®) 








27.4 


0.0 





(##®T-*) 
3® 

/c = 0. 000000 
C 4 = -0. 6 0 2 1 5 3 x 1 0" 7 
C 8 = -0. 372433X1 0" 17 
C 12 = -0. 144795X1 0~ 26 



C 6 =0. 642542X10" 12 
C 10 = -0. 480060X10" 21 
C 14 =0. 574983X1 0" 30 



8® 

/c = 0. 000000 

C 4 = - 0. 226135X10" 



C 6 = - 0. 3 9 7 0 5 0 X 1 0 -11 
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C 8 =0. 311311X10" 14 C 10 = - 0. 1 6 7 2 7 8 X 1 0" 19 
C 12 = - 0. 5 3 5 6 4 3 X 1 0" 22 C 14 = 0. 4 5 3 8 6 8 X 1 0 -26 

1 8® 

ac = 0. 000000 
C 4 =0. 1 0 6 0 1 3 X 1 0 -7 
C 8 =0. 7 6 3 3 3 7 X 1 0 -17 
C 12 = 0. 2 5 7 8 6 5 X 1 0 -24 

2 0® (2 8ffitm-m) 
k = 0. 000000 
C 4 = - 0. 168137X1 0" 7 
C 8 = - 0. 1 1 0 2 9 5 X 1 0 -16 
C 12 = - 0. 385364X10" 25 

3 6® 

/c = 0. 000000 
C 4 =0. 5 6 6 4 2 1 X 1 0" 9 C 6 = - 0. 1 4 4 2 8 1 X 1 0 " 1 2 
C 8 = - 0. 4 0 7 5 4 9 X 1 0" 16 C 10 =0. 1 5 0 4 2 0X 1 0" 21 
C 12 = - 0. 1 4 4 7 2 2 X 1 0" 24 C 14 =0. 2 1 0 3 5 1 X 1 0" 28 

3 8® 

k = 0. 000000 

C 4 =0. 2 4 3 3 2 9 X 1 0" 7 C 6 =0. 4 3 2 7 4 4X 1 0" 12 
C 8 = - 0. 4 0 1 0 7 4X 1 0" 17 C 10 =0. 4 4 7 3 7 8 X 1 0" 21 
C 12 = - 0. 1 3 1 3 2 2 X 1 0" 25 C 14 =0. 6 6 6 7 4 0 X 1 0" 30 



C 6 = -0. 2 0 8 
C ! 0 = - 0 . 1 5 
C 14 = - 0. 1 



3 9 3 X 1 O -13 
8 5 1 7 X 1 0" 20 
58940X10" 28 



C 6 = - 0. 321045X1 0" 12 
C 10 =0. 142977X1 0" 2J 
C 14 = 0. 2 8 1 2 2 3 X 1 O" 2 



4 1® 
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/c = 0. 000000 

C 4 = -0. 1 4 6 7 3 3 X 1 0- 7 C 6 =0. 1 4 2 4 5 2 X 1 0" 12 
C 8 =- 0. 1 0 4 7 3 8 X 1 0" 16 C 10 =0. 5 6 6 1 7 5 X 1 0" 21 
C l2 = - 0. 2 1 3 3 0 8 X 1 0" 26 C 14 =0. 1 4 3 9 6 8 X 1 Q- 30 



5 2® 

/c = 0. 000000 
C 4 = - 0. 3 3 8 9 7 7 X 1 0" 7 
C 8 =0. 4 3 6 2 9 5 X 1 0~ 16 
C 12 =0. 125962X1 0~ 24 



C 6 = - 0. 585831X1 0 -12 
C 10 = -0. 477058X1 0" 20 
C 14 = - 0. 1 1 2 4 5 8X 1 0" 29 



D 2 1 = 2 8 mm 
D2 2 = 2 2mm 

(1) Pn/En = 0. 4 0, 0. 4 3 (LID 
Pn/En = 0. 44, 0. 4 5 (L 1 2) 
Pn/En=0. 4 5, 0. 4 7 (L 1 3) 
Pn/En = 0. 6 7, 0. 6 8 (L 1 4) 
Pn/En = 0. 6 5, 0. 6 3 (L16) 
Pn/En = 0. 4 8, 0. 4 7 (L17) 
Pn/En = 0. 4 6, 0. 4 3 (L 1 8) 
Pn/En = 0. 4 0, 0. 3 6 (L 1 9) 
Pn/En=0. 4 1, 0. 4 5 (L 3 1) 
Pn/En = 0. 4 4, 0. 4 6 (L32) 
Pn/En = 0. 5 5, 0. 5 8 (L 3 3) 

(2) Pn/En=l. 0 0, 1. 0 0 (L21) 
Pn/En=l. 0 0, 0. 9 8 (L 2 2) 
Pn/En = 0. 9 1, 0. 9 2 (L 3 5) 
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Pn/En= 1. 0 0, 1. 0 0 (L 3 6) 

Pn/En=0. 9 7, 0. 9 7 (L 3 7) 

Pn/En = 0. 9 6, 0. 9 4 (L 3 8) 

Pn/En = 0. 9 3, 0. 9 3 (L 3 9) 

Pn/En = 0. 9 1, 0. 9 0 (L 3 1 0) 
(3) 02 1/02 2= 1. 2 7 3 

^itt^«fil5 7. 6nmS, »8ttl5 7. 6nm+lpm=l 
5 7. 6 0 1 nmS, -Mlil5 7. 6nm-lpm= 1 5 7. 5 9 9 nm 

15 7. 6nm± 1 pm<DmKmzttLT&Wm&&mzmJE2nT^Z>Z\ tlfi 

[£2***1] 

m^tsm^m^miE^nrcK^mmmfD^yt^mz^m^mmvx^^o 

*2**W©fiS&ft¥&PLtt. $&8WZ7f;T&5\Z* 2 ~D(D\/>XL 1 1 43 
<fctfL 1 2fr£ft£$f§l U>XUG1 1 fc, DDffiRW«lCMi:3^©U>XL 2 
0~L2 2t^f>)S^2l/>X^Gl 2<h, 1 3i©l/>XL3 1-L3 1 3 

fre>t*z%3u>xmGi 3tfr*>mj&2nx\,*z. zz\x\ &ii>>xmGi 
i tm2u>xmG 1 2 tit. mim\zMwznrzu?->7)UR<Drt*-><D*m 

^r H m^e>»^t-s^^T^2®{cgBS$nfcC7XAW±(cu^^;wt^->(D 

fcfc, ^1 U>X»G 1 1 <hH2 U>X»G 1 2 tCIWO^K+^tt, ill U 
>XS$G1 l^<=><Z>#£fg2U>Xf¥Gl 2fcffla>oT<HlRrt*fc«>©*lftB8 
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mKimmFuifimm^tix^^. m2u>xmGi 2tm3u>xn 
g 1 3 tom<Dft&*\z&^T*rm<DBj$.®.m<Dftmiz\t. w,2v>xmG i 
2frt><n%*w,z i/>xi£G 1 3\zfafr?Tmft?ztztb<Dm2ft&$Ti9mm 
FM2^gBe$nx^^>. *mm\*. M2u>x®gi 2t%2K®ffiK>mm 
fm2 t<Dffl<Dyt&*\zmi&znzo 

x3^wr§o mmytmAxitmmytmAX3tte^\z¥fTT*$>K>. 

IftAX l±{C*5V>T7K¥®lcmoT@Sfi$nT*3 0, Sf§3 ls>X%tG 1 3 £$J& 

%2 vyx^G 1 2^%mi\zmstz.%mhX2^\,. zwytmAx 
2tewntmmmzgtezmfe<D%mr&mftmAxi mt$ytmAX3) t& 
m-rz&oizmfeztiT^z* s^c, %iyt&ffiommFMi&&tf%2yt 
&tftvmmFM2\tt%\z¥mWi<D%&m (s&i£#tis&j;tf$&2£&®) & 
wu 2o(Dfcfttw*#'?z> i n-ooyt&mommFM) ll 

T-fcmzffif8.2tlT^2> 0 ^2^WiJ©^^^T«, JB^7fc^T££g! 
1U>XUG1 l&J:tfSil3l/>XS£Gl 3 H^C^^L^XXSlEmo^y V 
A*-;i40£, H2 VyXUG 1 2<Z)[H]M£&mCM:fc<ktfltU>XL 2 1, L2 
2£<fcD*HIbT^5 0 

XX;*JXI/>XL 1 It, <^XA{|iJ(C^®^^Ca®$r|6]ttfciE^-^^XU> 

xl 1 2^e.M^nxt^, 

^2i^>x^Gi2«, ytom'fr&mzm-DTu^zfrm (?t£t>*>x 
mi) frzm\z. uj-?)i,Miz£hwzfawrcJE*-ztizu>XL2 ot, vj- 
?)m\zmm*ftvrz&*-x%zu>XL2 1 1, vrt ivrnzmmtfamz 
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vx/\m\z#®wvt<D&m&fantz&*-xfi7> u>xl 3 4t, um)vm\z 

ftffi£fattfciE/X7 > ;*7Xl/>XL 3 5 MdiU>XL3 6i. !)IAWC* 
&Wft<DBW*faV1tiE* X7.fi ZU>XL 3 7 t, IP^OASt, ^IA#J 
K#i£®#<ft[ra£ftttfcIE*x*#XW>XL 3 8 W3 i *;H8K:#M*BMK 
(Drf}ffi£flttfcffifil'>XL 39t, £XAMk:##@tt©[Hl@£lRjW-&IE;*X 
X#XU>XL3 1 0<h, l/^^^#JHfl®^|S]^fciE^-X^XU>XL 3 1 
1 t. VX/\M\Z¥m&fatttc¥-&U>XL 312t, ^XAfijfc¥®Sl^»tfc 
¥fil/>XL 3 1 3 tfrZM&iStlTKZ. 

^oi2gj:, m2nmw\zfrfr%®m%¥rk<»&K<Dfa*ntfz>o %z%lv> 

£, NAtiM (^XA#|) Btt£XAW±T©*r*-5>lJ--*;i'I 
F©*SS, Att£&*ft«ttER©*lll#LS£, LX (Ew) ta^^«3t<S« 

#)vm^&m (^2®) T?&zvx/\m^<Dytm<Dmft?zjifa\zB?t£i'?' 

|:ram) d \t&m<Dm±fflM1rtet>*>Wfflm (mm) (C • D) te£ 
^5l^>X^^ViT^0^l*t-^1"^^aiftC^<t^<Dft&O^^^lftO^ 
gftgD£, En«St5U>X®fciS0W8*fltS (mm) Sr. Pn«gfl#& (T 
^t»^^®±<0l^^e»mfc^^®^AW1-^<t^W^^itS : mm) 
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mmmd on^t, m 1 yt&m o mmF u 1 <dkmm^ 6gd®s^cm$t 

<hU *<Dm<Dft&*T*l$iEtVT^Z>o -£LT, fgll^XSfGl P 

£§3 U>XmG 1 3TH U-^^jmiJ^lSl^oTIHIMCffi^^^IEiL. 
M<£f»¥&£ll<fcbTU3o lf!2 I^>XS*G 1 2Tte, ft<DiIfT& 

sfe, ^^md«, m&nctffti&m Clin T^s^t, fc^tf^i, 
iii t- 1 1 1] <Dmmjjmztt-fz>%mT*&K). tia&mctfi&ikm [ioo] t 
ssit, fcfc&tfjgatt [oio] ©s^ftcft-rsaan?**. uCT, 

l/^^;HSfc*ViT + Y^lcSHI^ttS»:JtLfc»^ Sf£lU>XS*Gl HZ 
Y#IrJT*!K H2 1/>X»G1 2 fc*tt*»*aMfcttYZ 
¥®flT»2 1/>X»G 1 2©3t*fcSa**lRlT*'3T+Zfl!K:iRlW6n^ 

in] (i/^^;u®c^^-5+Y^[Bi^#w(c^"r^^iRj) t&o, m3u>x 

8G1 3C*^*SJp^Fffitt-Y^iRi <l^*;Wffi£:fettS + Y#faK:3fc¥WK: 
Lfc^T, tztX\Z (C • D) = (10 0-0) ^fftt^^fft [ 1 0 

o] t^-&r**5^>x^*5^T, *®i&a«i [oio] ^mm^mz^-D 

Tmm2ftT^ZZ.£ZMft-?Zo (C-D) = (100 «45) H 3t 

fft^Hfli! [10 0] t^-tf5f5i/>Xl:*^T> ^©^^Ift [0 10] 

5, (C-D) = (10 0-0) ©mSU>Xt (C-D) = ( 1 0 0-4 5) 
©f5l/>Xt(l fiSAtti [10 0] 0^>X^7&*tofcl/T^££i:fcfca. 
fc£;ltf (C-D) = (111-0) H )t$4<i:^Sfft [111] 

-arsm5u>x^*5^T, ^o^ami [-111] ^s^^fc^^TSBfi 
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2nT\,*%>zt*Mm?z. %t£> (c • d) = (i 1 1 • 6 o) at, ytmtfe 

AM [1 1 1] £a<-a"f£m5U>Xfc:*5V*T, *Ol&Att c-i 1 1] #s 

(C • D) = (1 1 1 • 0) <D&EU>Xt (C • D) = (1 1 1 • 6 0) <D& 

^av>xt\t. m&$b [ill] <Du>x^7&ffif$,LT^zzt\ztsLZ. 
tfc, mmjjmzttTzMmmmnttmtttzmfem&mt* m&m cioo] 

©'l/>X^7©«^lcieA«! [0 10] t;:P!5t$*i5;i<i:&<> IgAUb [ 1 1 
1] <DU>X'<7(D®G\zm&® [-111] \zmfe2tl2>Z\tte<, tztXtt 

&u>X'<7<DmiiL'cmmzwL%.pimr&%. w,2mz7Ktw,2%mm\z 
frfrz&&?tmmz&^T* miu>xmGi i<oytmAxitm3u>xmG 

1 3(D7tiAX3<!:tt, !2I/>XlfG 1 2 0?tiAX 2 Kftofc^faK&^T 

2 8mm£tt«ttTi8!J££ttT^*. 

JR2S 

A = 1 5 7 . 6 nm 

3 = - 0. 2 0 
NA=0. 85 
B = 1 6 mm 
A= 6 mm 

LX (Ew) =2 5 mm 
LY=4mm 



r d (C-D) En Pn 

(U^JUffi) 55.0000 160.0 0.0 

1 -36367.4518 20.0000 (100 - 0) 179.0 18.9 (Lll) 
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2 


-1062.8043 


1.0000 






182.6 


23.2 




3 


280.9165 


20.0000 


(100 • 


45) 


187.8 


23.6 


(L 1 2) 


4* 


415.2262 


95.0000 






186.5 


27.2 




5 


00 


-433.8558 










(FM1) 


6 


-371.9043 


-22.0000 


(111 • 


0) 


215.0 


200.3 


(L 2 0) 


7 


-431.3807 


-61. 1156 






211.5 


200.3 




8 


212.6132 


-24. 0000 


(111 • 


60) 


211.9 


206.4 


(L2 1) 


9 


1049.8448 


-78. 7383 






235.1 


231.0 




10 


230.5993 


-14. 0000 


(111 • 


0) 


264.6 


264.0 


(L 2 2) 


11 


409.0076 


-25. 1705 






291.1 


291. 1 




12 


305.0366 


25. 1705 






303.6 


303.6 


(CM) 


13 


409.0076 


14.0000 


(111 • 


0) 


290.0 


290.0 


(L 2 2) 


14 


230.5993 


78.7383 






261.1 


261.1 




15 


1049.8448 


24.0000 


(111 • 


60) 


229.6 


223.6 


(L 2 1) 


16 


212.6132 


61. 1156 






208.4 


197.6 




17 


-431.3807 


22.0000 


(111 • 


0) 


205.6 


187.3 


(L 2 0) 


18 


-371.9043 


405.8558 






207.5 


185.6 




19 


oo 


-97.6805 










(FM2) 


20 


-426.2770 


-35.0000 


(100 • 


0) 


190.1 


38.8 


(L 3 1) 


21 


475.3746 


-129. 7461 






193.1 


47.0 




22* 


223. 1752 


-20.0000 


(100 • 


45) 


204. 1 


87.5 


(L 3 2) 


23 


175.3843 


-2.0000 






211.2 


94.0 




24* 


-307.4406 


-50.0000 


(100 • 


45) 


212.7 


97.0 


(L3 3) 


25 


-320.7051 


-31.8616 






205.0 


99.5 




26 


1442 3776 


-35 0000 


(100 • 


0) 


206. 6 


106.4 


(L 3 4) 


27* 


12973.0946 


-267.4936 






211.4 


113.2 




28 


-1294.6603 


-24.4071 


(100 • 


0) 


217.4 


184.0 


(L 3 5) 


29 


-192.7645 


-21. 1755 






214.9 


189.3 
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30 


-443.6804 


-33.0735 


(100 


• 45) 


216.5 


197.2 


(L3 6) 


31 


1121.7631 


-3.7878 






220.9 


204.5 




32 


-199.4497 


-50.0000 


(111 


• 60) 


238.9 


229.7 


(L3 7) 


33* 


-696. 1940 


-40.6353 






231.7 


224.9 




34 


00 


-33.2167 






226.9 


225.4 


(AS) 


35 
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(#i*®x-*) 
4® 

k = 0. 0 0 0 0 0 0 
C 4 = - 0. 1 7 1 5 0 1 X 1 0" 7 
C 8 = - 0. 3 1 9 3 5 9 X 1 0" 17 
C 12 = - 0. 5 9 1 5 7 8 X 1 0' 26 



C 6 =0. 2 8 9 6 1 6 X 1 0" 12 
C 10 = 0. 3 6 5 5 2 0 X 1 0" 22 
C 14 =0. 2 7 7 3 8 5 X 1 0" 30 



2 2® 

/c = 0. 000000 
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C 4 = 0. 3 5 2 7 9 7 X 1 0" 7 
C 8 = 0. 1 6 8 4 1 9 X 1 0 _1 
C 12 = 0. 247299X10" 
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C 6 = 0. 3 2 6 0 9 5 X 1 0" 13 
C 10 = - 0. 1 7 8 6 5 4 X 1 0" 21 

c 14 =o 



2 4® 

k = 0. 000000 

C 4 =0. 1 7 3 8 2 1 X 1 0" 7 C 6 = 0. 5 6 2 0 0 9 X 1 0" 12 
C 8 = 0. 2 9 0 0 7 1 X 1 0" 17 C 10 =0. 8 9 1 7 9 3 X 1 0" 22 
C 12 = - 0. 1 2 7 2 5 7 X 1 0" 25 C 14 =0 



2 7® 

k = 0. 000000 
C 4 =0. 422508X1 0" 7 
C 8 = 0. 1 8 6 7 9 5 X 1 0" 16 
C 12 =0. 825654X1 0" 2 



C 6 = - 0. 557914X10" 12 
C 10 = - 0. 3 7 3 5 5 0 X 1 0~ 21 
C 14 = - 0. 345254X1 0" 30 



3 3® 

k = 0. 000000 
C 4 = - 0. 199219X1 O -7 
C 8 = - 0. 183004X1 0" 17 
C 12 = - 0. 240936X1 0" 26 



C 6 =0. 205130X10" 13 
C 10 =0. 133382X1 0" 22 
C 14 = - 0. 772406X10" 31 



3 6® 

k = 0. 0 0 0 0 0 0 
C 4 = - 0. 2 9 0 3 0 0 X 1 O' 7 
C 8 = - 0. 139940X10" 17 
C 12 =0. 4 1 6 6 3 1 X 1 0" 25 



C 6 = -0. 7 2 1 2 0 0 X 1 0" 12 
C 10 = - 0. 1 1 4 2 1 4X 1 0" 20 
C 14 =0 
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3 7® 

k = 0. 000000 

C 4 = - 0. 9 7 0 7 7 9 X 1 0" 8 C 6 = -0. 3 0 1 8 4 1 X 1 0" 12 
C 8 = - 0. 5 3 0 3 1 0 X 1 0" 17 C 10 = - 0. 1 0 2 2 5 9 X 1 0" 20 
C 12 = 0. 7 1 0 6 4 5 X 1 0" 25 C 14 =0 

4 0® 

k = 0. 000000 
C 4 =0. 4 1 1 3 5 OX 1 0" 8 
C 8 =0. 44 2 0 4 6 X 1 0" 16 
C 12 =0. 8 6 1 4 9 2 X 1 0" 25 

D 2 1 = 2 4 mm 
D 2 2 = 1 4 mm 
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Pn/En = 0. 9 5, 0. 9 4 (L 3 9) 
(3) D21/D22=l. 714 

&i§£, *»tt«t»^ftft 1 5 7 . 6nm$, »15 7. 6 nm+ 1 pm= 1 
5 7. 6 0 1 nm£\ -^ii(il5 7. 6 nm- 1 pm= 1 5 7 . 5 9 9 nm 

fc-en^njKbT^s. iRH0^e»H^e>^«j:<k'5^, &2£ifiw;U5vvrt>, & 

MjOU 5 7. 6 nm± 1 pm©fll3t^t»LTfiiRSI**A»H*liE*nT^S 

j^±<dj;^h. ^mmm\z^x, mf^PL^i^tst^t do 

ckrxitWiBojR^K:*ViT*fr« (D fc^STsmHi^X (lii~li4, 

L 1 6~L 1 9, L 3 1~L 3 3) ©ijgfttt 1 1TM, ^0^^©^8 2 %K 
ffi^f § 9i©f5l/>X (L 1 1~L 1 3. L17~L19, L31~L3 

3) K^viT, zoyt&tm&m [ioo] t^-a-rsi^jciEBsnT^s. 
^co<fc3^, impjTH mwm (u??)im) &tc\mm wmmfc 

utt [ioo] ts-a$-ar*«i^*sfflLT^*©T, *pg^>xicaffl*r 

£££dtgfifc*Sil^ [10 0] ©^7U>X0»iirt<&£fc&£. tt# 
iBSfcttfciB0ifi#fc*^Tttatt [10 0] ©^7l/>X$«fflnct^T 

LTftffirtT0iSftttft<m* < ft 5 c: <httft^. 

JETS&Hl'^X (L21-L22, L35-L310) <D«fttt8T*0, 
©■5^0i^8 8%K*B^-f3 7fl®^5U'>X (L21-L22, L 3 5~L 3 
9) fcfcV>T, ^©^Iftt^tft [111] 5J:5KEfiSnTV>*. 
CKD^fc* !g 1 §H2i0iJT«, HI® (I/>XL15©#j5, DQSEIt&CM, 

pgpiKOAS) ©ja»tcE«*nfcH:ttWpao**^u>x»»33tttiigfttt 
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[111] t «6*fiK*tRffll/T^*©T, m>TttJtttWP£©/h3 

ir^>x»tc^«i<!:iea«i [ioo] t*-m2-£%fti&*&mtz>ztizuK>, 
m&thx*:n&i'>xz.mm**z.tiifimmu&&m [ioo] o^7u>x 

iB#fc*5HT*g||«l [111] 0^7l/>XS«fflt*0T, Hui£L£«fc 5 fCtSf 

ft e rt»tt»tr«^ «4ta** e «»iciBH LTftiSrtToisfttt«otf 

8 XlCflit « 1 4fi03t5l/>X (L 1 1 - L 1 3 . L17-L19, L3 1 
~L 3 4, L 3 1 0~L 3 1 3) tt, *-<Z>ftft£ttj&tt [10 0] t^Sff-fft 
f5«k"5^gBft$n, fit>2 5 0mm£JlTO^EI^t5. CobT, ®1 
H»JT*«, £fl^tBS»0£El'>XK:*fUT, U#fc2 5 Omm&T0*8S 

aa*wr*it«EW/hPft©ft5i/>XK:»bT, asuifi cioo] ©^7i^> 

2 ltL2 2£T*Silttl [1 1 1] <D^7U>X&Mf$,L. fkU>XL2 1 ©4" 
i#D 2 1 ttl/>XL 2 2 Of 2 2 i/O^S (3) £*JSLTV>a© 

%2mmmx*\*. \tom&&zf#mft<Dnjs\z&\,*T4kfta (i) 

S-r§m5l/>X (L11-L12, L 3 1~L 3 4, L 3 1 3) ©H8fttt7T 
«0» 0 0Xl:ffiatS7ffl©f5U>X (L11-L12, L 3 

1-L34, L 3 1 3) IC43^T, [10 0] <h;&*-£rt3«fc 

«»i^iAl) ©ifi^»cffig$nfcit«WPS©/h$^U>X»fc3t 
ffti^^lfi [10 0] £*-%.2#Z®J& l ZmmLT»Z<D'V. ±U%V>X\Z 

mm?%z.tt)mMtzi&&® [ioo] ©^Ti^xoKittfssfcfc*. 
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f)iTZz<DT\ ®mLrz&?izime j&tt\t%3iTztf, %tkTz>®&oi&ft\z 
ztc, ^2mmmx'\,t. A%m&&tf&&m(DMjj\z&^T&w3: (2) 

%l?Z>%GU>X (L 2 0~L 2 2, L36-L39) <D&m*7 T*$>K) , 
Z>%(D1®8 6 %\Ztt%?2> 6m<D&GU>X (L20-L22, L35-L3 
9) \Z&^T. Z<D%mtf8i&®l [111] £#-&T5<fc5K@BM$nT^5. 

z\<d&?\z, $&2mmMiz&^Tb, mm mmEHmcu, ibp&das) 
<Dftmzmm2ftrz&®wn&(D*£^u>xmzftmtm&$& [111] t* 
-%.-$-&%>mj&*mmi>T^z><D-z, m*Ti<$)k%i&}nmv>frz^u>xm\zyt 
mtm&m [100] t&-~%.2i£2>®i8 l *i%m?z>z.tiztiLr), t&zktVT* 
n'&u>x\zmm?z>z.tf)mmu®i£kw [100] <D^ru>X(Dmm^% 
®fcm£tz\mm<DT8.mz&^TT*tetsi< , mw^^^^t 

[111] ©^7l/>XMn<DT*, M$bfc£5l;:i^0/£#«fg 
6%{Cffi^-r-5 1 0fla(D£5l/>X (L 1 1~L 1 2, L3 1-L36, L31 

2-L313) ^o^iftiissiai [100] t^^-itr^ messes 

tl, 1^2 5 0mmOTtf>W#lit*§£W-f 5, Sg2|li6W;:&^TtK 
^#:cDffi^^0^5U>X{CMUT, Lfr*>2 5 0 mmJ^TwW^it&SrWI- S 
Jt&ft/hPgcMEl^XKttLT, &fttt [10 0] 0^7U>X&jIffi-rS 

>XL2 l£L2 2fV^m [1 1 1] ©^7U>X«l, HW>XL2 
1 Ot^fD 2 1 ttU>XL 2 2 ©t^HD 2 2 i^ftS (3) £ift£LT 

\,*z<dt\ m&<Dmmffi<Dmwzmmz&uTz>z\ttfrzz>o 

fcfc. %2mmM(D%l U>XS¥G 1 ltlt -*i<DU>XL lltL12t 
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Ttifttt [10 0] <D*7U>X£ffil&lsX^Z>&. u>xl n oytwt-m 

tit, %mmM&&Tf%2nmmTte, ytmz®Lx®mm*ts.#i$mzm 

zzbififfSiLKo z.<Dm&. &&<D&mmz&z>®mwLmmt<Do-*>. am® 
mtmfcfti&£o®%fcmz&$?%£-?%i&mz^x\t. ttm&ttfamm 
m<Dftm\z£QffiiE'rzz\ttfxgz> 9 %i&&ztm2mmmx\$. ®5 
<Dm%mmm<DmtLx. 2001^7^1 8 a\zfflfrnfr i )vtfy7<<\zm? 

5 i/yits-y o.^ K (International-SEMATECH Calcium Fluoride Birefringence 
Workshop) \Z& UT, tKHNI S T (National Institute of Standards and 
Technology) <D John H. Burnett £{£<fcoT^£ttfcM£ffl^T^<5o 

zn\zm%.znz>z\tts.<, mo-m&Bik* tztx\$7«Awwk (bef 

2 )> 7y*ftU3 1 '?A (LiF), yyiti^h^OA (NaF), 7>WUhD> 
^<?A (SrF 2 ) UE*R^Z>Z\thXZZ> 0 Z\(Dm&. 7yfcAU7£ (B 

aF 2 ) ts.b0^m^^^m\z^x^^n^>z\tf)W^L^ o 

±^<Dmmmm\z^^^^(Dm^i<Dm^uutLx^ ?y<t 

% )l>>"y yftAU V AUZO&Jj&mzmLR-o 1 6 0 nmJ&UF 

Mztti,xm&&*Gtz>ttn<Dmz. y ym^mw^-^^nx 1 6 on 
m^r^^omznLxmm^^r^n^^m^^zt^x^^, z\o 
&?te&n&#x%f&isnrzM®um*, mx\m 1 mt®mft¥%t<Dr$<DK 
^^^u^M9t^tm2^t(Dm<Dyt^^zmm^nx^m^^^\m 
%mwm\z&^tz®<Drt-i;&tLxmm»imx$>2> 0 
±.®<D%mMm<Dmytmmx&, ^mm^^xu^-ov (77^) zmw 
b mmxm), ^yt^^m^x^x^\zm^nrzm^m<D/^^->^m 
yt^mzmyts-* mytxm ztiz£<o, t^dx/wx w&ftm?. 
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£11 0III<Z)Xxy73 0 1 fd&^T, 1 P«y H(D^7XA±»C^SE^^ 

§$n§. 0 1 h<D#XA_fc.CD&||Ji§Lh{C 

X 5^7*3 0 5fc*HT, fOl P y h<£>9XA±Tl/;/7. h/^->^7X^ 

Xf';^3 0 1-7f7^3 0 5Ttt, 7XA±K&Jg£j£*U 
T^Stf, JIttSdflfcSteSoT, £XA±£*>U3>0Btftfll£JgJ&&, 

XilT©I^lf&#5:tt)Tt5. UT. S£l im<D7n-3-*-h 
>»riclS 4 0 ITU #£ffiJNR0»ftgft£m>TV*#0/t*->*«tt 
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mxm. X7^>ym is'jzhmmxn&<D&xm&mzz.t\z&r>T* m 

T*. 

^J7-7^;^-MlS4 0 2TI1 R (Red), G (Green), B 
(Blue) C*rfcLfc3O0Fy h©!fij&^ MJ y**m:#*ffi*J$ftfc'K £ 
fcteR, G, BO3*0^h7-f ^©7>f;^-©iaSS»7K¥^3lE«^|BjtcE 

U4 o 2 ©at, -t)m^iLxxm4 o 3j&*&fr3n*. •fe;na#£Tig4 o 

a/t^;p (ttft-feJW £iifl*&T3, •t;Hlfl*S£Tie4 0 3TH 01*. tf, /1 
*->7Ml@4 0 1 lCTt#f>nfc^A 0 ^->^T^S1Si:*7-7^;i/^ 
-J*dclg4 0 2(CT#e»nfc*7-7^;W^-<i:©^fC^$aAtT, $S. 

■*•©£, ^v^-;i4fl^£Ti@4 o 4£x, ia*4T^nfciSa^*;u (« 
IKfta^S^fcLT^iSS**. ±&©«M^*^©«ift#8;fc.k*i«, 

x*%w&mm-?z>z.tbT-zz>o ±m<Dmmmmx\t. i5 7nm©& 

fctA^l 9 3nm©^7t^^-r^>ArFX^^"7U-if-»^. 1 2 6 
nm©&^*tt«&-rSAr 2 I^-if-^iK, 1 4 6nm(DftMS«l(&t4K 

ga±©fjffl©nr^tt 
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it $ 0 fa m 

Pn/En<0. 7 

7 0%J^±<»CD^iligjMtm, ^-O^lfti^^fi [10 0] ttfmz-$i? 

2 . m&vmmffitt*^^ w, i 2 ffi±ic^^-r 
mess 1 ®±o 1 ^^tc^m^mmm^rm^nrc^mMmo^m 

Pn/En>0. 9 

6 o%^±(D^(D$s^^TO, ^^ffti^aift [111] 
%£?\zmm2nT^zz\tz®WLttz>&&yt¥*o 



WO 03/036361 PCT/JP02/10454 

-45- 

*<Dyt®\£i&&m [100] tmm-%L?z>&?\zffiw$n* 10250mm 
5. ^©iiiMt'M< it) 1 ooswit^^, ^i®©i^2® 

iffESfl 1 ® £ huI3^ 2 ® <h <Z) P^ftifc 4> £ n^ss 1 v >x& t , 
MESS 1 1/ >X1¥ £ iftf23& 2 ® <h (DPbKD^* £ SHg £ ttfcfg 1 Sit® t , 
MB^lSltffiiMI2m2ffi<h(DPp1(D^+^@3fi$nTlH]®EltM(5:a^ 
#^<!:$W-r^ll2 l^>X^i> 

iisem 2 i/>xw<i:HafBm 2 ® top^o^sst \z&mznrz& 2 fc^mt. 
mmm 2 mm tmm$& 2 m <h<^<Aft&+£Ka$n&m 3 u>xmt zm 

m^nxmumiM.u>XL 2 1 tmmmfcttmtomoyt'&^iz&mzn 

£Jg2Hl/>XL 2 2 <h£WU 

Bflt2^1^1/>XL2 1©^I^D2 ltL, sfffElfl 2 H 1/>XL 2 2<D* 
-i>J¥£D 2 2 <h-r^xh#, 

1. 2<D2 1/D2 2<2. 0 
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[i 1 1] t#s«-au m<Dte$kmmftyti&z*>btLx®6 omtzim 

B8ES£1 tl/>XL 2 1 fcffl|BII2|lU'>XL 2 2 -€"(D^$ft <h^^$ft 

[ioo] fatofe&mmuKm^'btisxmAs&tzim 

mm%iwtmmm2^t<D®<Dyt&wzmmt<titc%i u>xmt. 
if 12^1 u>xmtm®%2mt<D®<Dyt&*\zmmt£tifc%iKtt®t. 
m^miEmtmi&m2mt(Dm^yt^\zmm^nxBmRMmt^.u^t 
¥%t*G?z>%2 u>xmt. 
m$z$&2 u>xm£mu%2Wt<D®<Dyt®*iz&mznrcm2Bi&mt. 

a, 

Miami u>x»«» »*«fje©i»ift«ioia:«^iS]d^KW»i*)a:*2^oai 
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mzm i m t mibh 2 @ t <d m<D%.® t ngsg $ nfcsg i u >xp t > 
miess 1 p >xm t mm 2 ® t omoyt®* n^sn i t , 

^<h*w-f£f!2 u>xmt. 

HfffE^2 l/>X^«!:ra^2®<i:<Z)r B 1(D^SS+(C@aM$n^^2SOT<i:, 
HtlBm2SW®<tWfSm2®<t(D^0^4 3 ^a^<D^lft^aoTffig$n 

10. m*<Dfam%8m*rc\t%9m\zmm<D®%ft¥mz&^T. 
mmmi^yxmt. ytmt^m [ioo] i^o^h 

1 1. m#<D®.m%8mTbmmi omv^tnfr imz&®(D®&yt¥mz& 

MI2251 U>Xmt. KMtfti&m [1 1 1] £#fc£-ifcU fi^^H 

iz&mzntc-tto&Mttzii-Tz z t *&WLt?z>&&ft¥% 0 
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1 3 . m*<D$mw, i mn^m i 2 mo^rn^ 1 mz®M<D&%yt¥mz& 

1 5. tai2^1®^IS^$nfcTX^^MBJU, m*<D&®% 1 >£i7I/SS& 1 3 
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[2 0 10B (10.03.03) Uf8$£&^£3 : |frL^f«#0)t5Hl3- 

22ics^jb<#itf§a.b*ifc, mtotmommttmEKL (4K) ] 

Pn/En<0. 7 
7 0 %^±<Z)^©i^^i§^«, ^-©^Iftt^^lft [10 0] 

mum i m±o i ^^^tBfe7t^ifiB^^T^^$tifc^^ia^#a)#ffi 

Pn/En<0. 6 
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Pn/En>0. 9 

&%\zm?z>®iM l rKj8.2ti, 
MiBrn i m±o i ^^^r^m^^^xm^nrz^mMU^o^m 

Pn/En>0. 94 

<D^^AMm^^zsM^mmx^\z^xm^t^^mmm<D^<D 

1 7. S^0l£H^8^*fe«^9JStCiEicO^^^('^ViT, 

&mzmtz>m&xMf$,zn, 

^^Ttlfti^^llll [10 0] <fc^£-gtT3£5};:gEE£n, Io2 5 0mm 

1 8 . m^m^uu^^ n i m<Dm&$& 2 ®±fc^-r ss^^fc 

gk%lzm?Z>B&XMf8.2tl, 
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7 0%&±©i*©iSMiMwra. *©3t«ii:tt*tt [ioo] tj&teff-ft-r 
1 9 . «#©&issp*r&£*, is i momzm 2 ffi±ic»j«T*«:iHfc¥*fc 

Pn/En>0. 94 

©^^^ASt®^«k^stttj®©^tc^viT«ij£-rs^ssia^tt©^© 
6 ox^±©*©fea^iasutftt» *©3te«i£»iM* [111] 

2 0. fit #©i&HSg 1 JSftMSfl 1 9^©^1*n*U^K:E«©fi!»^*C*3 

2 1. ffift&im\zwife2ntc.vz9&mw?zrztb<Dmwj!kt. 
tfit2Tx^(c^$n^/^-->©^^^i2^2®{cig^$n^!i^s«± 

C^fiK-r 5fcfc©f»#©3&fflg 1 2 0 «©Vi1*n^ l JSfcEtt©B«tt 
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1. The invention of claim 1 relates to a projection optical system 
comprising transparent members and adapted to form the image on a first 
surface on a second surface, characterized in that 90% or more of all 
the transparent members constituting the projection optical system are 
made of crystals of cubic system, and 70% or more of the transparent 
members satisfying the condition at both the entrance and exit surfaces 

Pn/En<0.7 

where Pn is the diameter of the light beam coming from a point on 
the first surface and falling on each surface of each transparent member 
made of the crystal and En is the effective diameter of each transparent 
member are so arranged that the optical axis of the transparent member 
substantially agrees with the crystal axis [100] . 

2. The invention of claim 2 relates to a projection optical system 
comprising transparent members and adapted to form the image on a first 
surface on a second surface, characterized in that 90% or more of all 
the transparent members constituting the projection optical system are 
made of crystals of cubic system, and 60% or more of all the transparent 
members satisfying the condition at both the entrance and exit surfaces 

Pn/En<0.9 

where Pn is the diameter of the light beam coming from a point on 
the first surface and falling on each surface of each transparent member 
made of the crystal and En is the effective diameter of each transparent 
member are so arranged that the optical axis of the transparent member 
substantially agrees with the crystal axis [111] . 

3. The invention of claim 3 relates to a projection optical system 
comprising transparent members and adapted to form the image on a first 
surface on a second surface, characterized in that 90% or more of all 
the transparent members constituting the projection optical system are 
made of crystals of cubic system, and 

20% or more of all the transparent members made of the crystals are 
so arranged that the optical axis of the transparent member substantially 
agrees with the crystal axis [100] and have an effective diameter of 
250 mm or less. 

The invention of claim 4 is an invention of an independent claim 
referring to any of claims 1 to 3. 

4. The invention of claim 5 relates to a projection optical system 
comprising transparent members and at least one reflecting mirror and 
adapted to form the image on a first surface on a second surface, 
characterized in that 90% or more of all the transparent members 
constituting the projection optical system are made of crystals of cubic 
system, the projection optical system further comprises a first lens 
group arranged in the optical path between the first and second surfaces, 
a first reflecting surface disposed in the optical path between the first 
lens group and the second surface, a second lens group disposed in the 
optical path between the first reflecting surface and the second 

surface and having and a concave reflecting mirror and a round-trip 
optical system, a second reflecting surface disposed in the optical path 
between the second lens group and the second surface, a third lens group 
disposed in the optical path between the second reflecting surface and 
the second surface, and the round-trip optical system comprises a first 
negative lens L21 made of the crystal and a second negative lens L22 
made of the crystal and disposed in the optical path between the first 
negative lens L21 and the concave reflecting mirror and satisfies the 
condition 

1.2<D21/D22<2.0 

(continued to extra sheet) 
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where D21 is the center thickness of the first negative lens L21 and 
D22 is the center thickness of the second negative lens L22. 

The inventions of claims 6, 7 are the ones of independent claims 
referring to claim 5. 

5. The invention of claim 8 relates to a projection optical system 
comprising transparent members and at least one reflecting mirror and 
adapted to form the image on a first surface on a second surface , 
characterized in that 90% or more of all the transparent members 
constituting the projection optical system are made of crystals of cubic 
system, the projection optical system further comprises a first lens 
group arranged in the optical path between the first and second surfaces, 
a first reflecting surface disposed in the optical path between the first 
lens group and the second surface, a second lens group disposed in the 
optical path between the first reflecting surface and the second surface 
and having and a concave reflecting mirror and a round-trip optical 
system, a second reflecting surface disposed in the optical path between 
the second lens group and the second surface, a third lens group disposed 
in the optical path between the second reflecting surface and the second 
surface, and the first lens group has two transparent members in which 
the preset directions of specific crystal axes are substantially 
different. 

The invention of claim 9 relates to a projection optical system 
comprising transparent members and at least one reflecting mirror and 
adapted to form the image on a first surface on a second surface, 
characterized in that 90% or more of all the transparent members 
constituting the projection optical system are made of crystals of cubic 
system, the projection optical system further comprises a first lens 
group arranged in the optical path between the first and second surfaces, 
a first reflecting surface disposed in the optical path between the first 
lens group and the second surface, a second lens group disposed in the 
optical path between the first reflecting surface and the second surface 
and having a concave reflecting mirror and a round-trip optical system, 
a second reflecting surface disposed in the optical path between the 
second lens group and the second surface, a third lens group disposed 
in the optical path between the second reflecting surface and the second 
surface along the linear optical axis, 

a first-order intermediate image of the first surface is formed in 
the optical path between the second and third lens groups, and the first 
lens group has at least two transparent members made of the crystals. 

Claims 10-12 are independent ones referring to any of claim 8 or 9. 

Claims 13-15 are independent ones referring to any of claims 1-12. 

However, the technique of fabricating 90% or more of all the 
transparent members constituting a projection optical system from 
crystals of cubic system is publicly known without especially citing 
prior art documents, and there are no technical features considered to 
be special technical features common to the groups 1., 2., 3., and (4 
and 5) . 

The projection optical system comprising transparent members and at 
least one reflecting mirror and adapted to form the image on a first 
surface on a second surface, characterized in that 90% or more of all 
the transparent members constituting the projection optical system are 
made of crystals of cubic system, the projection optical system further 
comprises a first lens group arranged in the optical path between the 
first and second surfaces, a first reflecting surface disposed in the 
(continued to extra sheet) 



Form PCT/1SA/210 (extra sheet) (July 1998) 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP02/10454 



Continuati on of Box No. II of continuation of first sheet (\) 

optical path between the first lens group and the second surface, a second 
lens group disposed in the optical path between the first reflecting 
surface and the second surface and having and a concave reflecting mirror 
and a round-trip optical system, a second reflecting surface disposed 
in the optical path between the second lens group and the second surface, 
a third lens group disposed in the optical path between the second 
reflecting surface and the second surface is a conventionally known 
technique as disclosed in JP 2000-47114 A (Carl Zeiss Stiftung) , 
2000.02.18. Therefore, there are no common technical features 
considered to be special technical features among the groups 4. and 5. 

Therefore, there are no common technical features among the groups 
of inventions within the meaning of PCT Rule 13.2, second sentence. 
Consequently, the groups of inventions are not so linked as to form a 
single general inventive concept. 

Therefore, the groups of inventions do not comply with the requirement 
of unity of invention. 
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